The Herschel-Astrophysical Terahertz Large Area Survey (H-ATLAS) provides an unprecedented opportunity to search for blazars at sub-mm wavelengths. We cross-matched the Faint Images of the Radio Sky at Twenty-cm (FIRST) radio source catalogue with the 11 655 sources brighter than 35 mJy at 500 μm in the ∼135 deg 2 of the sky covered by the H-ATLAS equatorial fields at 9 h and 15 h , plus half of the field at 12 h . We found that 379 of the H-ATLAS sources have a FIRST counterpart within 10 arcsec, including eight catalogued blazars (plus one known blazar that was found at the edge of one of the H-ATLAS maps). To search for additional blazar candidates we have devised new diagnostic diagrams and found that known blazars occupy a region of the log(S 500 µm /S 350 µm ) versus log(S 500 µm /S 1.4 GHz ) plane separated from that of sub-mm sources with radio emission powered by star formation, but shared with radio galaxies and steep-spectrum radio quasars. Using this diagnostic we have selected 12 further possible candidates that turn out to be scattered in the (r − z) versus (u − r) plane or in the Wide-Field Infrared Survey Explorer colour-colour diagram, where known blazars are concentrated in well defined strips. This suggests that the majority of them are not blazars. Based on an inspection of all the available photometric data, including unpublished VISTA Kilo-degree Infrared Galaxy survey photometry and new radio observations, we found that the spectral energy distributions (SEDs) of only one out of the 12 newly selected sources are compatible with being synchrotron dominated at least up to 500 μm, i.e. with being a blazar. Another object may consist of a faint blazar nucleus inside a bright star-forming galaxy. The possibility that some blazar hosts are endowed with active star formation is supported by our analysis of the SEDs of Planck Early Release Compact Source Catalogue blazars detected at both 545 and 857 GHz. The estimated rest-frame synchrotron peak frequencies of H-ATLAS blazars are in the range 11.5 ≤ log (ν peak, Hz ) ≤ 13.7, implying that these objects are low synchrotron peak. Six of them also show evidence of an ultraviolet excess that can be attributed to emission from the accretion disc. Allowing for the possibility of misidentifications and of contamination of the 500 μm flux density by the dusty torus or by the host galaxy, we estimate that there are seven or eight pure synchrotron sources brighter than S 500 µm = 35 mJy over the studied area, a result that sets important constraints on blazar evolutionary models.
I N T RO D U C T I O N
Blazars are a subclass of active galactic nuclei (AGN) characterized by non-thermal continuum emission from radio to γ -rays. They have extreme properties: are strongly variable across the full electromagnetic spectrum, reach very high observed luminosities and are frequently strongly polarized. Their spectral energy distribution (SED) is characterized by two broad peaks in νL ν . The first peak occurs at a frequency ν s p varying from ∼10 12 to ∼10 19 Hz (∼300 to ∼3 × 10 −5 μm; Nieppola, Tornikoski & Valtaoja 2006) and is attributed to Doppler boosted synchrotron emission from a highly relativistic jet pointing towards the observer. The continuum spectrum is 'flat' (spectral index α −0.5, S ν ∝ ν α ) from radio to sub-mm or even shorter wavelengths. The second peak, attributed to inverse Compton scattering, occurs at γ -ray energies.
However, the non-thermal emission not always outshines other components, like emission from the host galaxy, from the accretion disc and from the circumnuclear torus, to the point of making such components undetectable. Blazar hosts are generally found to be early-type galaxies (Kotilainen, Falomo & Scarpa 1998; O'Dowd & Urry 2005; Kotilainen et al. 2007; León-Tavares et al. 2011) and may therefore contaminate the non-thermal spectrum primarily at optical/near-infrared (IR) wavelengths. However, we should also take into account the possibility that at least some of them are endowed with star formation activity associated with thermal dust emission at far-IR/sub-mm wavelengths. The direct thermal emission from the accretion disc may show up as a relatively narrow 'bump' in the optical/ultraviolet (UV; Dermer & Schlickeiser 1993; Ghisellini & Tavecchio 2009 ), while the thermal emission from the dusty circumnuclear torus may be detectable in the mid-IR (Perlman et al. 2008) . 1 The optical spectra of blazars show a striking dichotomy, leading to the general recognition of two subclasses: BL Lacs with an almost featureless spectrum and flat-spectrum radio quasars (FSRQs) with strong, broad emission lines. (Padovani & Giommi 1995) classified the BL Lacs on the basis of the radio-optical, α ro , and optical-X-ray, α ox , spectral indices (which translate into the values of the synchrotron peak frequencies, ν s p ) into low-, intermediate-and highfrequency peaked. This classification was extended by (Abdo et al. 1 It is worth noticing, however, that (Plotkin et al. 2012) , using data from the Wide-Field Infrared Survey Explorer (WISE), did not see observational signatures of the dusty torus from a sample of weakly beamed BL Lac objects. 2010) to all blazars: low synchrotron peak (LSP; ν s p < 10 14 Hz), intermediate synchrotron peak (ISP; 10 14 < ν s p < 10 15 Hz) and high synchrotron peak (HSP; ν s p > 10 15 Hz) objects. The distribution of ν s p is bimodal, with only a minor fraction of objects peaking at intermediate frequencies.
The bimodality however may be, at least partly, due to the blazar selection which, so far, was mostly done either in the radio or in the X-ray band. The former selection favours LSPs, the latter HSPs.
The Herschel 2 selection, at intermediate frequencies, should help us to pick up ISPs, thus providing constraints on the abundance of these objects and indications on whether or not there is a continuity in the blazar population, from LSPs to HSPs. Moreover, a full frequency coverage is crucial to disentangle the different, nonthermal and thermal, contributions to the blazar SEDs, as briefly summarized above. The Herschel Astrophysical Terahertz Large Area Survey (H-ATLAS 3 ; Eales et al. 2010) , the largest area extragalactic survey carried out by the Herschel space observatory (Pilbratt et al. 2010) covering ∼550 deg 2 with Photodetector Array Camera and Spectrometer (PACS; Poglitsch et al. 2010) and Spectral and Photometric Imaging Receiver (SPIRE; Griffin et al. 2010) instruments between 100 and 500 μm, provides an unprecedented opportunity to obtain flux density limited blazar samples at sub-mm wavelengths. As for the non-thermal emission, the Herschel data cover a particularly interesting frequency range close to the ν s p of the most luminous LSPs (Fossati et al. 1998) , where information is currently scanty (Padovani et al. 2006 ). The synchrotron peak frequency carries information on key physical parameters such as the Doppler factor of the jet, the electron energy distribution and the magnetic field strength (Dermer 1995; Massaro, Paggi & Cavaliere 2011b; Tramacere, Massaro & Taylor 2011) . Moreover, the sub-mm selection is especially well suited to look for signatures of thermal dust emission from the host galaxy, thus providing a new perspective on blazar hosts and allowing us to test the early-type host paradigm.
Blazars are however a tiny fraction of H-ATLAS sources: their estimated surface density at the H-ATLAS 5σ detection limits is ∼0.1 per cent or less of the surface density of dusty galaxies (De Zotti et al. 2005; Tucci et al. 2011) . Singling them out is not easy and appropriate diagnostic tools must be devised. An investigation of the H-ATLAS science demonstration phase (SDP) field (González-Nuevo et al. 2010) uncovered two blazars brighter than the average 5σ detection limit at 500 μm, S 500 µm 44 mJy (Rigby et al. 2011) , over an area of 14.4 deg 2 . In this paper we extend the analysis to an area almost an order of magnitude larger, as a step towards building the first statistically meaningful sample of sub-mm-selected blazars.
A key aim of this paper is to investigate the potential of this new selection band to discover blazars with unusual spectral properties. In particular, the sub-mm selection is ideal to ascertain whether some fraction of blazar host galaxies are endowed with active star formation and to assess the contribution of dusty tori at these wavelengths. The current notion that blazars are generally hosted by passive early-type galaxies is based on studies of relatively local BL Lacs. It goes along with the finding that in the local Universe the hosts galaxies of all populations of powerful radio-loud AGN do not have high star formation rates. On the other hand, it has long been known (e.g. McCarthy 1993) that radio galaxies at substantial redshifts may show intense star formation activity (an early spectacular example is 4C 41.17; Chini & Kruegel 1994; Dunlop et al. 1994) . Thus, in the framework of unified models we do expect to find also blazars hosted by star-forming galaxies. Since such objects would have 'anomalous' colours we cannot expect that, in colourcolour diagrams, they lie in the same region as blazars selected at other wavelengths. This will force us to use rather loose constraints on diagnostic diagrams, at the cost of a relatively low selection efficiency.
The layout of this paper is the following. In Section 2 we describe the selection of candidate blazars, present the new diagnostic diagrams we have devised and report on the follow-up observations aimed at assessing the nature of the selected candidates. In Section 3 we briefly discuss their SEDs, built by combining the H-ATLAS photometry with literature and unpublished VISTA Kilo-degree Infrared Galaxy (VIKING) survey data. In Section 4 we discuss constraints on sub-mm blazar counts and implications for evolutionary models. Finally, Section 5 summarizes our main results.
We adopt a flat cosmology with = 0.734, m = 0.266 and h = 0.71 as derived from the Wilkinson Microwave Anisotropy Probe (WMAP) 7-year data (Larson et al. 2011) .
B L A Z A R C A N D I DAT E S
In this study we use the catalogue of SPIRE sources detected in the two H-ATLAS equatorial fields centred at about 9 h and 15 h , plus half of that at 12 h , with areas of 53.25, 53.93 and 27.37 deg 2 , respectively, for a total of 134.55 deg 2 . In the Phase 1 data release (Hoyos et al., in preparation; Valiante et al., in preparation) data for the full 12 h field will be included. The catalogue contains sources that have been detected in the noise-weighted point spread function (PSF)filtered 250 μm map applying the MADX algorithm (Maddox et al., in preparation) . Then, at the position of the sources, flux densities are estimated at each of the SPIRE bands. Finally, only sources with a signal-to-noise ratio (S/N) ≥ 5 at any of the SPIRE bands are included in the catalogue. The H-ATLAS maps and data reduction are discussed in Pascale et al. (2011) and Ibar et al. (2010) , the source catalogue creation is described in Rigby et al. (2011) . The SPIRE beams have full width at half-maximum (FWHM) of 18.1, 24.8 and 35.2 arcsec for 250, 350 and 500 μm, respectively (Swinyard et al. 2010; Rigby et al. 2011) . The catalogue we have used contains 66 535 unique objects (26 369 in the 9 h field, 12 686 in the 12 h field and 27 480 in the 15 h field). Since blazars have red sub-mm colours (see e.g. fig. 11 of Herranz et al. 2013 ) they are more easily singled out at the longer wavelengths. We have therefore confined ourselves to sources with S 500 µm ≥ 35 mJy, corresponding to 4σ detections at this wavelength. There are 11 655 sources satisfying this criterion.
Blazars are powerful radio sources. Thus the first step towards spotting them is to require that they are detected by radio surveys covering our fields. A cross-correlation of these sources with the Faint Images of the Radio Sky at Twenty-cm (FIRST) survey catalogue (Becker, White & Helfand 1995) with a 10 arcsec search radius yields 379 matches, out of the ∼11 000 FIRST sources present in the ∼135 deg 2 H-ATLAS equatorial fields. The sample made of the 379 sources selected as described above (S 500 µm ≥ 35 mJy and FIRST counterpart within 10 arcsec) will be referred to as the parent sample. Almost all the objects in this sample are likely to be pure star-forming galaxies or radio galaxies in star-forming hosts as studied in (Jarvis et al. 2010) and (Hardcastle et al. 2010 ), respectively.
The typical rms positional error for our sources is 2.5 arcsec or less (Rigby et al. 2011), 4 and the FIRST positions are accurate to better than 0.5 arcsec for S 1.4 GHz > 3 mJy, so that the rms offset between the radio and the sub-mm position is σ ≤ 2.55 arcsec (see Fig. 1 ). In the case of a Gaussian distribution of positional errors the probability that a true counterpart has an apparent positional offset ≥ is
(1) For = 10 arcsec, p(> ) ≤ 4.6 × 10 −4 and the number of true FIRST counterparts that we may have missed with our 11 655 trials is 5, i.e. 1.5 per cent of the parent sample. The surface density of FIRST sources is n FIRST 90 deg −2 . Therefore the probability that a FIRST source lies by chance within = 10 arcsec from a given Herschel source is π 2 n FIRST 2 × 10 −3 and the expected number of chance associations is 25. However, as we will see in the following, from the distribution of S 500 µm /S 1.4 GHz flux density ratios of known blazars we infer that genuine blazars must have S 500 µm /S 1.4 GHz < 2.4 or, in our case, S 1.4 GHz > 14 mJy. The surface density above this limit is 13.5 deg −2 and the number of chance associations decreases to 4.
The blazar selection
Blazars are expected to be a very small fraction (∼5 per cent) of the 379 sources in the parent sample. For most of them the radio emission is related to star formation, through the well-known far-IR/radio correlation (Helou, Soifer & Rowan-Robinson 1985; Condon, Anderson & Helou 1991) . A first step towards picking up blazars is to restrict the sample to radio-loud objects. The distribution of sources in the S 500 µm /S 1.4 GHz versus S 500 µm /S 350 µm diagram is shown in Fig. 2 .
To locate the 'blazar region' in this diagram we have looked for known blazars in the parent sample by cross-matching them with the most recent version of the blazar catalogue BZCAT (Massaro et al. 2011c) , again with a search radius of 10 arcsec. We got eight matches (see Table 1 ). Since the BZCAT positions are mostly taken from radio catalogues and are generally better than 1 arcsec, after equation (1) the expected number of real matches that may have been missed with our 379 trials is ≤0.4. The probability that a BZCAT source lies by chance within 10 arcsec from a given Herschel source is difficult to assess accurately because of the inhomogeneous distribution of BZCAT sources. However the BZCAT catalogue contains 3100 sources over the whole sky so that their mean surface density is n BZCAT < 0.1 deg −2 . If they were uniformly distributed the expected number of chance associations would be <10 −3 . There is therefore a wide enough margin to confidently assume that all the associations found are real even though the distribution is not uni- Figure 2 . S 500 µm /S 1.4 GHz versus S 500 µm /S 350 µm for H-ATLAS sources with S 500 µm ≥ 35 mJy and FIRST counterparts (parent sample). These sources are represented by the grey dots, except for the nine catalogued blazars that are identified by the larger black + signs. The grey + signs enclosed in red squares denote the radio-loud sources among which we search for new blazar candidates. Both catalogued blazars and radio-loud H-ATLAS sources are labelled with their ID numbers (see Tables 1 and 3) . We also show the Planck ERCSC blazars detected both at 545 and at 857 GHz (see text), represented by the black × signs and labelled with the ID numbers in Table 2 . The blue dashed line shows the colour-colour track, as a function of redshift, of a prototype star-forming galaxy, Arp 220, while the three black solid lines (in the lower part of the figure) show the tracks, as a function of redshift, of three blazars, assumed to have a parabolic SED, representative of the synchrotron peak. The error bars in log(S 500 µm /S 1.4 GHz ) for the catalogued and candidate blazars are ≤0.1 and have not been plotted for the sake of clarity.
form. In particular, of the eight matches found with a search radius of 10 arcsec, the two with the largest angular distance to a FIRST source (objects #1 and 2 of Table 1 , with a separation of 8.67 and 9.72 arcsec, respectively) have S 1.4 GHz > 300 mJy. Since the surface density of FIRST sources brighter than 300 mJy is ∼0.46 deg −2 , the probability of a chance association within 10 arcsec is ∼1.1 × 10 −5 and the expected number of chance associations within 10 arcsec is 0.13. On the other hand, after equation (1) the probability that a true counterpart has a positional offset of 9.72 arcsec or of 8.67 arcsec is 7 × 10 −4 or 3 × 10 −3 , respectively. Thus the blazar classification of these two H-ATLAS sources must be taken with caution.
In the BZCAT catalogue there are 15 additional blazars located in our fields. For only two of them could we detect a significant signal in the H-ATLAS noise-weighted beam convolved maps. One (BZB J0849+0206) has a 500 μm flux density of 31.6 mJy (S/N 3.6) and is weaker at 250 and 350 μm (S/N 2.1 and 2.2, respectively). Since this object is fainter than the adopted fluxdensity limit (S 500 µm = 35 mJy) we have not considered it further. The other object (BZQ J1404−0013) has S 500 µm = 45 mJy, i.e. is a 5σ detection at this wavelength, but is below the 5σ detection limit at 250 and 350 μm (S 250 µm 18 ± 7 mJy and S 350 µm 32 ± 8 mJy). It was probably missed because of its low 250 μm flux density (candidate sources were identified as >2.5σ peaks at 250 μm; Rigby et al. 2011); moreover, it lies close to the border of the field. We have added this source to our blazar sample. We have also searched the 2-year Fermi-Large Area Telescope (LAT) catalogue 5 (Ackermann et al. 2012) for sources lying in the H-ATLAS fields and not listed in the BZCAT. Only one was found, identified as a pulsar and about 3 arcmin away from the nearest source in the parent sample. Four of our objects (#1, 2, 3 and 5) were previously associated with a Fermi-LAT source in BZCAT.
To increase the sample of known blazars with measured submm colours we have cross-correlated the full-sky Planck Early Release Compact Source Catalogue (ERCSC; Planck Collaboration 2011a) at 545 and 857 GHz with the BZCAT, using a search radius of 150 arcsec corresponding to the Planck FWHM/2 at these two bands. We also require that each Planck association with a BZCAT object has a flux density measurement at both Planck frequencies. We have listed in Table 2 the 14 matches that fulfil these requirements. Five of these sources, however, were excluded from further analysis because an inspection of the NASA Extragalactic Database 6 (NED) shows that BZU J1325−4301 is the wellknown extended radio galaxy Centaurus A for which it is difficult to single out the nuclear emission; the blazar classification of BZB J1136+1601 is dubious; BZU J2209−4710 (alias NGC 7213) has sub-mm colours typical of thermal dust emission from the host galaxy and the ERCSC flux densities of BZQ J1559+0304 and BZQ J1719+0817 may be affected by source blending. We are then left with nine blazars (objects #22-30 in Table 2 ), whose colours are also plotted in Fig. 2 .
According to the technical specifications of their respective instruments, the Planck/High Frequency Instrument (HFI) 857 GHz and the Herschel/SPIRE 350 μm channels have almost exactly the same central wavelength and roughly the same bandwidth. The comparison between the Planck 545 GHz and the SPIRE 500 μm flux densities requires a colour correction because the central frequency of the 500 μm channel is somewhat higher ( 600 GHz). The extrapolation from 545 to 600 GHz was made using, for each Planck blazar, its spectral index between 545 and 857 GHz; since the spectral indices are quite flat, the corrections are small. Fig. 2 shows that the nine known blazars in our H-ATLAS fields and the nine ERCSC blazars lie in a region in the log(S 500 µm /S 1.4 GHz ) versus log(S 500 µm /S 350 µm ) plane fairly well separated from the region populated by the majority of the other sources in our parent sample that have a S 500 µm /S 1.4 GHz ≥ 10, typical of star-forming galaxies. To illustrate this further, we have included in this panel a blue dashed line that represents the colour track as a function of redshift of the prototype starburst galaxy Arp 220. Our choice of the boundary line between star formation and AGN powered radio emission is consistent with the value of log S 250 µm /S 1.4 GHz − 3σ found by Ivison et al. (2010) for star-forming galaxies, after allowing for a typical ratio S 250 µm /S 500 µm 2 (at a typical z 1).
The S 500 µm /S 1.4 GHz ratios of blazars are ≤2.4 and their S 500 µm /S 350 µm colours are redder than average. This upper limit to the S 500 µm /S 1.4 GHz ratio for blazars comes from the ERCSC objects, while the H-ATLAS ones, which may be thought to be more relevant here, have significantly lower ratios. But we must beware of a selection effect. Since the BZCAT blazars are mostly radio selected (with important additions from X-ray and γ -ray selections), relatively radio-faint objects, such as possible H-ATLAS blazars with high S 500 µm /S 1.4 GHz ratios, are easily missed by previous blazar searches. The situation is different for the much (generally more than 10 times) brighter ERCSC blazars for which we likely have the full range of S 500 µm /S 1.4 GHz ratios. We have therefore adopted at CSIC on January 21, 2015 http://mnras.oxfordjournals.org/ Downloaded from Figure 3 . Diagnostic colour-colour diagram: (r − z) versus (u − r) (lower panel). The grey dots, the black + signs and grey + signs enclosed in red squares have the same meaning as in Fig. 2 . Only a subset of sources in the parent sample has SDSS photometry and thus appears also in this figure. The cyan × signs correspond to BZCAT blazars with SDSS photometry. We also show, for comparison, the colour-colour tracks, as a function of redshift, of four passive elliptical templates of different ages (red lines) and of three star-forming galaxies (blue lines). The S0, M82, QSO and Arp 220 tracks were computed using the SEDs tabulated in the SWIRE library (Polletta et al. 2007 ) available at http://www.iasf-milano.inaf.it/∼polletta/templates/swire_templates.html. The elliptical galaxy tracks were computed using GALSYTH, the web based interface for the GRASIL model (Silva et al. 1998) as the limiting ratio, the maximum value for ERCSC blazars, shown with a dashed red line in Fig. 2 .
On the whole, ERCSC blazars greatly extend the 'blazar region' in the S 500 µm /S 1.4 GHz versus S 500 µm /S 350 µm diagram compared to that populated by known H-ATLAS blazars. On one side, this highlights the power of the sub-mm selection in finding blazars with 'anomalous' properties. On the other side, a broader blazar region is more easily contaminated by other source populations, implying a lower efficiency in the selection of true blazars; this is however the usual price to be paid by exploratory studies aiming at opening new perspectives. The black solid lines in Fig. 2 , showing the colour tracks as a function of redshift for three objects in our sample assuming a parabolic SED, representative of blazars, confirm that these sources indeed populate the part of the diagram with S 500 µm /S 1.4 GHz < 10. However, since we are using low-frequency (1.4 GHz) radio observations, is expected that most objects below the dashed boundary line are steep-spectrum radio galaxies or quasars. We then need to find diagnostic tools capable of singling out good blazar candidates.
To this end we have built the (r − z) versus (u − r) colourcolour diagram (Fig. 3) for known blazars by cross-correlating the SDSS Data Release 8 (DR8) 7 catalogue (Aihara et al. 2011 ) with the BZCAT, using a search radius of 0.5 arcsec. The surface density of DR8 sources is 3.22 × 10 4 deg −2 so that the probability of a chance association within 0.5 arcsec is 2 × 10 −3 . Since there are 1800 BZCAT sources within the DR8 area, we expect 3.5 7 www.sdss3.org/dr8/ chance associations. We get 1600 matches. They are mostly concentrated along a relatively narrow strip in the (r − z) versus (u − r) plane. As illustrated by the colour tracks in Fig. 3 , the blazar region is bounded on the right by the region occupied by galaxies with intense star formation activity and on the left by the region of optical quasi-stellar objects (QSOs), while passive early-type galaxies are much redder in both colours. Thus very red colours are indicative of contamination by a passive early-type host galaxy. Indications that (u − r) > 1.4 likely implies host galaxy contamination were previously reported by Massaro, Nesci & Piranomonte (2012) .
Seven out of the 12 radio-loud objects (#11, 15, 16, 17, 19 , 20 and 21) lie within or very close to the blazar strip in the (r − z) versus (u − r) diagram, although the Herschel/SPIRE colours of #16 and 17 are indicative of contamination by dust emission in the host galaxy. Objects #12, 14 and 18 are at, or somewhat above, the red end of the strip, suggesting that their optical colours may be contaminated by the stellar component of the host galaxy. Hints of additional contamination from the host galaxy dust emission come from the Herschel/SPIRE colours of two of these objects (#12 and 14). The sub-mm to optical photometric data on one of the two outliers with blue (u − r) colours (object #10) are strongly indicative of a star-forming galaxy. The other blue outlier (object #13) is anomalously faint in the r band (compared to neighbour bands); its (r − z) versus (u − r) colours may thus not be a good diagnostic. Some of our radio-loud objects have optical colours consistent with those of QSOs.
Another diagnostic tool, based on the [3.4][4.6][12] μm colourcolour diagram using WISE (Wright et al. 2010 ) magnitudes, was proposed by Massaro et al. (2011a) . Magnitudes for the three WISE channels are available 8 for 7 H-ATLAS catalogued blazars (the exceptions are #7 and 9) and for nine of our radio-loud objects (the exceptions are #11, 14 and 15). The cross-match was performed using the WISE All-Sky Source Catalog multi-object search tool, with a search radius of 5 arcsec. All the 16 associations found are unique, i.e. there were no multiple matches. The positions of H-ATLAS catalogued blazars and radio-loud sources are identified, in Fig. 4 , by their ID numbers (see Tables 1 and 3 ). The catalogued H-ATLAS blazars for which WISE photometry is available plus the radio-loud sources #10, 16 and 20 lie in the upper part of 'blazar strip', i.e. in the region occupied by flat-spectrum radio quasars (although #16 is at the border). Four of our radio-loud sources (#12, 13, 18 and 21) have WISE colours typical of starburst galaxies, and two (#17 and 19) are in the regions populated by low-ionization nuclear emission-line regions (LINERs)/obscured AGN or ultraluminous infrared galaxies (ULIRGs). 9 Other indications on the nature of our radio-loud sources can be obtained from the radio morphology. To investigate it we have extracted images centred at their position using the FIRST image cut-out tool. Seven sources (#12, 13, 14, 16, 17, 19 and 20) look point like, three (#11, 15 and 21) show a core-jet morphology with a dominant core, while the other two (#10 and 18) are clearly double with similarly bright blobs, consistent with them being steepspectrum radio galaxies or quasars. Three of the candidates (#10, 15 and 18) have 1.4 GHz NRAO VLA Sky Survey (NVSS) flux densities larger than the FIRST ones by a factor of >2. Since FIRST has a much higher angular resolution than NVSS, this is consistent with these sources being extended. 
Follow-up radio observations
We have performed follow-up observations with the Medicina 32m single-dish telescope at 5 GHz of six of our radio-loud sources. Observations were carried out between 2011 August 1 and 16 in the OTF scan mode (Mangum, Emerson & Greisen 2007; Righini 2008) applying the observing strategy, the data reduction procedures and the software tools developed for the SiMPlE project (Procopio et al. 2011) . 25 h were allocated for 5 GHz observations with a single feed receiver and a 150-MHz-wide band. The 37 arcmin length of each scan (∼5 × HPBW) was covered at 3 arcmin s −1 in 12.5 s. A sampling rate of 40 ms allowed us to obtain 60 samples beam −1 . The scans were centred on the FIRST positions.
Given the FIRST flux densities we do not expect to see any of our targets in a single scan, which, in optimal observing conditions, should hence appear as a linear baseline that corresponds to the off-source zero level of the signal. Along the scans, Gaussian noise shows up as amplitude fluctuations. However, cloudy weather, the presence of random, but unfortunately not rare, contributions by radio frequency interference (RFI) or digital noise heavily affected portions of the data. These disturbances give rise to bumpy baselines or spike-like features. All the scans that do not show a linear profile or show such features were removed before running the data reduction pipeline. We have used the OTF Scan Calibration-Reduction (OSCaR) pipeline (Procopio et al. 2011; Righini, in preparation) to get the conversion factor from raw data counts measured on calibrators to their known flux densities, to determine the component of the flux density error due to calibration and to calculate the source flux densities and their errors. 3C 295 and 3C 286 were used as flux density calibrators. One out of the six targeted sources was not detected because of technical problems. The 5 GHz flux densities for the other five sources were measured with S/N greater than 6. The results are given in Table 4 . Source #14 turned out to have a steep 1.4-5 GHz spectral index and is optically identified as a galaxy. For the other four sources (#10, 11, 13 and 21) our observations indicate a flat spectral index, consistent with them being blazars. We caution, however, that the low-frequency spectral index is not necessarily a conclusive indication for or against a blazar classification since the low-frequency radio emission frequently comes from a different component. Additional flux density measurements up to mm wavelengths are necessary to assess the nature of candidate blazars. Such observations have been planned, and preliminary results for some of the candidates are available. Figure 5 . SEDs of the nine catalogued blazars in the H-ATLAS equatorial fields (Table 1) . The red six-pointed stars, the blue five-pointed stars, the red circles, the magenta diamonds and the blue squares are GMRT, FIRST, H-ATLAS, WISE and VIKING survey data, respectively. The other data points are from the NED and are generally from the SDSS. The thick solid lines are second-order polynomials representing the synchrotron emission. In panels 1, 3, 4, 6 and 9 the thin blue solid lines show the type 1 QSO SEDs by Polletta et al. (2007) ; they are average SEDs (QSO1) except for panel 4 where the BQSO1 SED (appropriate for QSOs with particularly low-IR/optical ratios) is plotted. This template is only shown for illustration purposes and no fit to the data has been attempted: since the synchrotron component is highly variable and the data are not simultaneous, fits would have little meaning.
S P E C T R A L E N E R G Y D I S T R I B U T I O N S

Catalogued blazars
Four out of the nine known blazars in the H-ATLAS fields have counterparts in the 2-year Fermi-LAT catalogue (Ackermann et al. 2012 , see Table 1 ). The blazar J090910.1+012135 (#3) happened to be observed twice by Herschel, on 2009 November 22 and 2010 May 30, and showed a strong variability, thus providing a direct confirmation of the non-thermal, jet-related nature of its sub-mm emission. Its 250, 350 and 500 μm flux densities increased from 160, 194 and 266 mJy, respectively, at the first epoch, to 258, 338 and 425 mJy at the second epoch. This source was also found to be variable also in γ -rays: its Fermi-LAT variability index is 159.5. Fig. 5 shows the SEDs from radio to UV frequencies of the nine known blazars in the H-ATLAS equatorial fields. To the data from the NED and to the H-ATLAS data we have added the near-IR photometry provided by the VIKING survey (Fleuren et al. 2012; Sutherland et al., in preparation) and by the WISE survey (Wright et al. 2010 ). In addition, five of our catalogued blazars and nine of our blazar candidates were detected by the Giant Metrewave Radio Telescope (GMRT) survey of H-ATLAS equatorial fields at 325 MHz (Mauch et al., in preparation). The measured flux densities are given in Table 5 and shown in Figs 5 and 6. The 0.325-1.4 GHz (FIRST) spectral indices of four catalogued blazars at CSIC on January 21, 2015 http://mnras.oxfordjournals.org/ Downloaded from Figure 6 . SEDs of the 12 radio-loud sources in the H-ATLAS equatorial fields (Table 3 ). The meaning of data points is the same as in Fig. 5 except that the cyan five-pointed stars at 5 GHz, shown for sources in Table 4 , show the Medicina measurements and the downwards-pointing magenta triangles represent WISE upper limits. The black solid line, shown only for source #20, is a second-order polynomial representing the synchrotron emission. The black dashed lines shown in the other panels are again second-order polynomials and are plotted only to illustrate that a blazar-like SED cannot match the data, except for the puzzling source #16 and for the source #21, discussed in the text. The green line (in the panel referring to object #13) shows the QSO1 template by Polletta et al. (2007) , that may account for the UV data. This supports the possibility that this object contains a faint blazar nucleus. The blue solid lines show the Arp 220 template from Polletta et al. (2007) for objects #10, 11, 14, 15, 17 and 19 ; a dusty galaxy template with log (L dust /L ) > 11.5 for objects #12 and 18, and with log (L dust /L ) in the range 11.0-11.5 for object #13 (Smith et al. 2012) ; the QSO1 SED by Polletta et al. (2007) for objects #16 and 21. As for Fig. 5 , these templates are shown for illustration only: no fit of the data was attempted.
are flat or inverted (α 1.4 0.325 > −0.5, S ν ∝ ν α ) while all the nine radioloud sources (possible blazar candidates) have α 1.4 0.325 < −0.5. As noted in Section 2.2, however, a steep low-frequency spectrum is an indication, but not necessarily a proof, that the object is not a blazar since the low-frequency emission may come from a component different from the relativistic jet. In addition, all these data are far from simultaneous. Hence any fit should be dealt with great caution and can only be considered as purely indicative.
As usual (e.g. Fossati et al. 1998 ), we fit the synchrotron peak with a second-order polynomial (i.e. a parabola). As shown by Table 1 , at CSIC on January 21, 2015 http://mnras.oxfordjournals.org/ Downloaded from six out of the nine catalogued blazars have redshift measurements. For the other three we assumed a redshift of 1.2, the median value of the 6. The estimated rest-frame synchrotron peak frequencies (in terms of νL ν ) are in the range 11.5 ≤ log (ν peak, Hz ) ≤ 13.7, with a median log ν peak, median, Hz 12.5. These objects are thus LSPs. In only one case (#3; see González-Nuevo et al. 2010) we have enough high-energy data to allow a meaningful estimate of the shape of the inverse Compton peak (not shown in the corresponding panel of Fig. 5 ). For this object, the Compton dominance, defined as the ratio between the inverse Compton and synchrotron peak luminosities is ν p, IC Lν p, IC /ν p, S Lν p, S 8.6. Although three other blazars have γ -ray measurements, they are missing X-ray data and therefore the rising part of the inverse Compton peak is essentially unconstrained.
Most of these blazars (#1, 3, 4, 6, 7, 9) also show evidence of a UV excess that can be attributed to emission from the accretion disc (Dermer & Schlickeiser 1993; Ghisellini & Tavecchio 2009 ). Under the standard assumption that the accretion disc emission is a combination of blackbodies with temperatures depending on the distance from the central black hole (equation 1 of Ghisellini & Tavecchio 2009 ) the black hole mass, M bh , can be estimated as
where η is the mass to light conversion efficiency, T is the maximum blackbody temperature and L d is the total luminosity of the accretion disc. The lack of sufficient simultaneous data hampers reliable estimates of the key quantities T and L d , hence of M bh . In this situation the calculation of corrections for attenuation by the intergalactic medium along the line of sight (Haardt & Madau 2012) is not warranted. Tentative values, obtained simply interpreting the UV data points, uncorrected for attenuation, as lower limits, are in the ranges M bh = 0.3-1 × 10 9 M , with a median value of 0.7 × 10 9 M . The median accretion rateṀ bh = L d /(ηc 2 ) is 4 M yr −1 . A standard type 1 QSO SED (Polletta et al. 2007 ) implies that the WISE flux densities and a fraction of sub-mm Herschel/SPIRE flux densities (especially at the shorter wavelengths) of our blazars with UV excess can be attributed to the dusty torus around the black hole. No contribution from the host galaxy is required for any of the nine catalogued blazars.
To complement this analysis we have considered again the catalogued blazars with counterparts in the Planck ERCSC at both 545 and 857 GHz (see Section 2.1), excluding only BZU J1325−4301, i.e. Centaurus A, because of the difficulty of removing the contribution of the extended emission and BZB J1136+1601 because its classification as a blazar is dubious. Thus we have now 12 ERCSC blazars. For five (i.e. 40 per cent) of them (BZU J0840+1312, BZQ J0921+6215, BZQ J1559+0304, BZQ J1719+0817 and BZU J2209−4710) the sub-mm continuum appears to be dominated by thermal dust emission powered by star formation. Three of these Planck ERCSC objects (those labelled BZQ) and both H-ATLAS blazars with possibly/likely star-forming hosts are classified in BZCAT as flat-spectrum radio quasars. This is not implausible since the far-IR luminosity of an ongoing starburst can easily outshine, around its peak wavelength, the quasar emission (e.g. Netzer et al. 2007) . The starburst dominance is facilitated by the fact that the quasar bolometric luminosity is distributed over a broad wavelength range while the thermal dust emission is peaked.
Radio-loud sources
As discussed in Section 2.1, the distribution of our radio-loud sources in the diagnostic diagrams does not allow an unambiguous selection of reliable blazar candidates, while suggesting that most of these objects are steep-spectrum radio galaxies or quasars whose far-IR/sub-mm emission is dominated by the contribution of a dusty star-forming host galaxy. Clearer indications can hopefully be obtained by considering all the photometric data together, i.e. investigating the SEDs.
As shown by Fig. 6 , the SEDs of most (eight out of 12) radioloud objects (#10, 11, 12, 14, 15, 17, 18, 19) are indeed more consistent, in the sub-mm to optical range, with those of dusty galaxies, while the radio data indicate that they are probably steep spectrum. Thus these objects are not plausible blazar candidates. The SED of #13 is a bit puzzling. On one side its radio spectrum is flat but, on the other side, higher frequency data are indicative of a star-forming galaxy. Thus this source may consist of a weak blazar nucleus at the centre of a bright star-forming galaxy. Another puzzling case is object #16. Its low-frequency radio spectrum is steep while higher frequency data configure an SED consistent with a parabolic shape and markedly different from any galaxy and QSO SED. Also consistent with a parabolic shape is the SED of #20 while that of #21 can be fitted with a parabola plus a type-1 QSO SED.
Objects #13, 16 and 20 are point like in FIRST images, while #21 has a core-jet morphology, with a dominant core. These morphologies are consistent with these objects being blazars. However, preliminary results from a multifrequency follow-up observation campaign with the Australia Compact Array (Massardi et al., in preparation) show that both sources #16 and #21 have a steep radio spectrum at least up to 40 GHz, while object #20 is flat spectrum. So only the latter is a reliable blazar candidate. Variability and polarization measurements can provide further tests of their blazar nature.
N U M B E R C O U N T S
From the previous analysis we can conclude that of the nine BZCAT blazars with S 500 µm ≥ 35 mJy over the area of 134.55 deg 2 , two (#1 and 6) seem to have a substantial thermal contribution (likely from the dusty torus) to the measured 500 μm flux density. Since their flux density is close to our threshold, the pure synchrotron component is probably below that limit. It may also be noted that the radio source associated with object #1 has a relatively large angular distance from the H-ATLAS position (9.7 arcsec) and therefore may be a misidentification.
In addition we have found one valid blazar candidate (#20). We caution, however, about the possibility that the radio source is not the correct counterpart of the H-ATLAS source, given the relatively large angular separation between their positions (9.8 arcsec). Another object (#13) may consist of a faint blazar nucleus inside a bright star-forming galaxy at a measured redshift z = 0.6995, a configuration similar to that of the catalogued Planck-ERCSC blazar BZU J2209−4710.
All in all, we estimate that there are seven or eight confirmed or likely blazars with synchrotron flux density brighter than the adopted flux density limit over the considered area. Notwithstanding the uncertainties discussed above and the limited statistics, the H-ATLAS survey allows us to put significant constraints on the 500 μm blazar counts, thus providing a test on evolutionary models and, in consequence, on the underlying physics. For example, at CSIC on January 21, 2015 http://mnras.oxfordjournals.org/ Downloaded from the model by De Zotti et al. (2005) assumes, for all blazars, a flat radio spectral index followed by a parabolic decline above a synchrotron peak frequency that increases with decreasing radio luminosity according to the 'blazar sequence' model (Fossati et al. 1998 ). On the other hand, Tucci et al. (2011) find that the data favour a broad range of peak frequencies, so broad that any trend with luminosity is blurred. They also argue for different distributions of break frequencies, ν m , for BL Lacs and FSRQs, in the sense that the former objects have substantially higher values of ν m , implying that their synchrotron emission comes from more compact regions. Both points are supported by the study of Giommi et al. (2012) .
The De Zotti et al. (2005) model predicts 0.21 blazars deg −2 brighter than 35 mJy at 500 μm, i.e. 28 blazars over the H-ATLAS Phase 1 area. At the same flux density limit the Tucci et al. (2011) predictions are in the range 0.068-0.12 blazars deg −2 , implying about nine to 16 blazars over the Phase 1 area, the lower values referring to the C2Ex model, the higher to the C2Co model. The present analysis shows that the 500 μm blazar counts are substantially below the predictions of the De Zotti et al. (2005) model but consistent with those of the Tucci et al. (2011) models. The most consistent model is the C2Ex, which is also favoured by other data. This adds to the growing evidence (e.g. Planck Collaboration 2011b) that the synchrotron peak frequency of most blazars occurs at lower frequencies than envisaged by the 'blazar sequence' scenario.
Our estimate is also fully consistent with the Planck counts of synchrotron extragalactic sources. Planck Collaboration (2012) found, at 545 GHz (550 μm), 1.5 sources sr −1 brighter than 1.2 Jy. Combined with our result, this implies a slope of the integral counts between 1.2 Jy and 35 mJy β 1.3-1.4, close to the slope of blazar counts at lower frequencies (see e.g. Tucci et al. 2011 ).
C O N C L U S I O N S
The sub-mm selection emphasizes blazar flavours that are marginal or missing in the familiar radio or X-ray-selected samples. In the H-ATLAS fields that we have investigated we found nine catalogued blazars with S 500 µm ≥ 35 mJy over the area of 134.55 deg 2 . To pick out additional blazars that may have been missed in prior surveys new diagnostics need to be devised. The basic selection, based on radio loudness, singled out 12 sources, that could include, in addition to candidate blazars, radio galaxies and steep spectrum radio-loud quasars. To identify candidate blazars we used diagnostics based on optical (SDSS) and on IR (WISE) colours, but the possible contamination of the synchrotron emission by the contribution from dust heated by star formation in the host galaxy and from the AGNrelated emission (dusty torus and accretion disc) prevented firm conclusions. A better discrimination between the possible classes of sources was obtained from consideration of the full body of available multiwavelength data. Taking also into account the preliminary results of multifrequency follow-up measurements up to 40 GHz with the Australia Telescope Compact Array (ATCA), the SED of only one of the 12 selected sources was found to be compatible with being synchrotron dominated at least up to 500 μm, i.e. with being blazar like.
Another object may consist of a faint blazar nucleus inside a bright star-forming galaxy. Although this is at odds with the notion that blazar hosts are passive ellipticals, the possibility that some blazar hosts are endowed with active star formation is supported by our analysis of the SEDs of Planck ERCSC blazars detected at both 545 and 857 GHz. The sub-mm continuum of five of the 12 such objects appears to be dominated by thermal dust emission. Also several of these sub-mm-selected blazars with likely star-forming hosts are classified as flat-spectrum radio quasars, although quasartype blazars are expected to outshine the host galaxy. This situation however is not implausible since the far-IR emission peak associated with star formation can easily outshine the quasar emission at the same wavelength.
The estimated rest-frame synchrotron peak frequencies (in terms of νL ν ) of catalogued blazars are in the range 11.5 ≤ log (ν peak, Hz ) ≤ 13.7, with a median log ν peak, median, Hz 12.5. These objects are thus LSPs. Interestingly, the only known blazar in our H-ATLAS sample that happened to be observed twice by Herschel (blazar #3), with a time lag of about 6 months, showed a flux increase by a factor of about 60 per cent thus providing direct confirmation of the nonthermal nature of its sub-mm emission.
Six of the catalogued blazars also show evidence of an UV excess that can be attributed to emission from the accretion disc. Under the standard accretion disc model the properties of the excess can be exploited to estimate the black hole mass and the accretion rate. However, these properties are poorly constrained by the available, non-simultaneous, data. Tentative median values of the black hole mass and of the accretion rate are M bh, median 0.7 × 10 9 M anḋ M bh,median 4 M yr −1 .
A standard type 1 QSO SED implies that the WISE flux densities and a fraction of sub-mm Herschel/SPIRE flux densities of these objects (especially at the shorter wavelengths) can be attributed to the dusty torus around the black hole. The QSO contamination may imply that the pure synchrotron component of two of these sources does not reach the chosen 500 μm flux density threshold.
Allowing also for the possibility of misidentifications, we estimate that there are seven to eight pure synchrotron sources brighter than S 500 µm = 35 mJy over the considered area. This is substantially lower than predicted by the De Zotti et al. (2005) model, based on the blazar sequence scenario, but in good agreement with model C2Ex by Tucci et al. (2011) , that adopts a broad distribution of synchrotron peak frequencies at all luminosities, which would have the effect of lowering the effective synchrotron peak frequency for the bright sources of interest here.
At this stage all conclusions must be considered as preliminary because of the poor statistics. This will improve as soon as data for the full H-ATLAS survey, covering an area four times larger, will be available. The sub-mm-selected blazar sample will be further augmented by other Herschel surveys such as the Herschel Multi-tiered Extragalactic Survey (HerMES; HerMES Collaboration 2012) and the Herschel Virgo Cluster Survey (HeVICS; Davies et al. 2012) . A blazar search on HeVICS data using the approach proposed in this paper is in progress (Baes, private communication). A complementary view of sub-mm-selected blazars is being provided by the Planck surveys, which cover the whole sky with detection limits more than an order of magnitude brighter than achieved by the H-ATLAS survey at similar wavelengths.
